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Introduction
============

Pakistan is ranked as the ninth most obese nation in the world, leading to a public health concern. Obesity is further characterized into three classes based on body mass index (BMI), where Class I obesity encompasses those with a BMI in the range of 30 through 34.9 kg/m^2^. According to the World Health Organization (WHO), in 2016, more than 1.9 billion adults aged 18 years and older were overweight. Of these, over 650 million adults were obese. In the United States, the number of obese adults increased two-fold between 1980 and 2010 (from 16% to 36.1%) \[[@REF1]\]. Obesity predisposes individuals to the risk of metabolic conditions such as diabetes mellitus, hypertension, and cardiovascular disease at a younger age \[[@REF2]\]. The goal in treating obesity is to improve quality of life and to increase life expectancy by countering the life-shortening effects of obesity and its associated comorbidities \[[@REF3]\]. There are various methods of combatting obesity, ranging from lifestyle modifications, such as dietary modifications and physical activity, to various metabolic surgeries \[[@REF4]\]. Bariatric surgery has evolved in recent decades, and today, new procedures such as sleeve gastrectomy and Roux-en-Y gastric bypass are more commonly utilized than older methods such as duodenal switch, biliopancreatic diversion and gastric band. However, the effects of bariatric surgical procedures on weight loss, hormonal function, and metabolic parameters are still being researched \[[@REF5]\]. In this study, we compared the outcomes at one year of patients who underwent laparoscopic sleeve gastrectomy (LSG) and patients who chose lifestyle modification as a modality for weight loss and issues related to obesity.

Materials and methods
=====================

A prospective cohort study was completed with patients who had a BMI between 30 and 35 kg/m^2^. Written and informed consent was received from all participants. The subjects were divided into two groups: the LSG group, which included Class I obesity patients undergoing LSG, and the weight control program (WCP) group, which included Class I obesity patients who undertook a WCP for a minimum duration of 18 months without any gaps. The sample size was calculated as 150 subjects per group. All subjects had follow-ups at 6, 12, and 18 months, and patients who did not complete the follow-ups were excluded from the study. The WCP included dietary modification and daily exercise, recommended and overseen by a nutritionist, where the initial recommendations were a diet of 1300 to 1600 kcal/day and exercise for at least 45 min 5 days per week. Daily caloric intake and exercise regimens were accordingly graduated with weight loss results at follow-ups. The main goal of the WCP was to instill healthier behaviors in individuals with Class I obesity.

The primary comparative measure of the study's outcome was the percentage of excess BMI loss (%EBMIL), and the secondary comparisons of the outcome included measurements of hemoglobinA1C (HBA1c) levels, systolic blood pressure, Rosenberg Self-Esteem Scale (SES) scores, and patient satisfaction ratings. %EBMIL was calculated as (initial BMI−current BMI)/(initial BMI−25)\*100. Ideal weight was determined to be a BMI of 25 kg/m2. Patients were advised to stop taking antihypertensive medications (if any) 7 days before follow-ups, and HBA1c levels were collected one day before follow-ups. Self-esteem was measured using the Rosenberg SES, which is a standard scale for quantifying self-esteem, and patient satisfaction score was calculated using a visual analogue score. Data were expressed as mean ± standard deviation (SD), and effect modifiers were controlled through stratification. An independent sample T-test was applied for comparison between the groups, and the signiﬁcance level was determined to be \< 0.05. Analysis was completed using SPSS software, Version 22 (IBM Inc., Armonk, NY, USA).

Results
=======

Out of 300 patients, 91 were excluded due to loss at follow-up. Of the remaining 209 patients, 106 were included in the LSG group, and 103 were included in the WCP group. The study included 69.9% (n = 146) females, while 36% (n = 63) were males. The mean preoperative levels were as follows: HBA1c was 7.96 ± 0.82% in the LSG group and 7.57 ± 0.65% in the WCP group; systolic blood pressure was 165 ± 10.4 mmHg in the LSG group and 162 ± 11.32 mmHg in the WCP group; BMI was 33.40 ± 1.03 kg/m2 in the LSG group and 32.57 ± 1.15 kg/m^2^ in the WCP group; and the Rosenberg SES was 15.53 ± 3.39 in the LSG group and 14.77 ± 2.64 in the WCP group. At 6-month follow-up, mean BMI was 30.47 ± 1.01 kg/m^2^ in the LSG group, while in the WCP group, it was 32.04 ± 1.01 kg/m^2^ (CI 1.85-1.29) (P \> 0.05). A statistically significant difference was also found at 12 months and 18 months with LSG 27.67 ± 1.04 versus WCP 31.47 ± 0.92, CI 4.11-3.47, P \< 0.05 and LSG 25.03 ± 1.47 versus WCP 30.62 ± 1.02, CI 5.94-5.24, P \< 0.05, respectively. There was a significant reduction in mean HBA1c levels in both groups; however, the reduction was more pronounced in the LSG group, and the difference between the two was statistically significant after 6, 12, and 18 months, at LSG 7.26 ± 0.54 versus WCP 7.10 ± 0.59, CI 0.04-0.31, P = 0.04; LSG 6.45 ± 0.40 versus WCP 6.92 ± 0.61, CI 0.61-0.33, P \< 0.05; and LSG 5.6 ± 0.47 versus WCP 6.5 ± 0.64, CI 1.04-0.73, P \< 0.05, respectively (figure [1](#FIG1){ref-type="fig"}).
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There was no statistically significant difference between the groups for blood pressure at 6 months (LSG 161.41 ± 8.69 vs. WCP 161.1 ± 8.39, CI 2.0-2.5, P \< 0.05), whereas at 12 and 18 months, there were statistically significant variations in blood pressure, with measurements of LSG 145.7 ± 7.6 versus WCP 154.1 ± 6.79, CI 10.3-6.1, P \< 0.05 and LSG 134.2 ± 7.16 versus WCP 145.63 ± 5.94, CI 13.2-9.6, P \< 0.05, respectively (figure [2](#FIG2){ref-type="fig"}).
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The Rosenberg SES levels increased in the entire study population. However, there was a considerably greater increase in Rosenberg scores at 18 months in the LSG group as compared to the WCP group (LSG 33.04 ± 3.44 vs. WCP 22.71 ± 1.81, CI 9.56-11.07, P \< 0.05). Patient satisfaction scores were also better in the LSG group as compared to the WCP group (LSG 8.2 ± 0.84 vs. WCP 6.44 ± 0.91, CI 1.55-2.05, P \< 0.05). %EBMIL at 6 months in the LSG group was 35.48%, compared to the WCP group at only 7.23%. At 12 months, %EBMIL had increased two-fold in the LSG group to 68.19%, while it was at 14.53% in the WCP group. At the final 18-month follow-up, %EBMIL in the LSG group was 99.60%, while it was only 25.70% in the WCP group (P \< 0.05) (figure [3](#FIG3){ref-type="fig"}).
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The statistical results of the study have been summarized in Table [1](#TAB1){ref-type="table"}. 

###### Mean measurements taken throughout the study period

 BMI: Body Mass Index; BP: Blood Pressure; CI: Confidence Interval; LSG: Laparoscopic Sleeve Gastrectomy; WCP: Weight Control Program 

  ------------------------------ ----------------------------- ----------------------------- ---------------- ---------
  Mean Measurements              LSG Group                     WCP Group                     CI               P-Value
  Age                            41.7 years                    38.8 years                    41.72 -- 39.41   0.01
  Gender                         Male: n = 34 Female: n = 72   Male: n = 33 Female: n = 70   1.6 -- 1.7       0.01
  Preoperative HBA1C             7.96%                         7.87%                         0.86 -- 0.60     0.627
  Preoperative Systolic BP       171.3 mmHg                    169.8 mmHg                    0.75 -- 1.43     0.116
  Initial BMI                    33.3 kg/m^2^                  32.5 kg/m^2^                  0.49 -- 1.10     0.05
  BMI, 6 Months                  30.4 kg/m^2^                  32.0 kg/m^2^                  1.85 -- 1.29     0.05
  BMI, 12 Months                 27.6 kg/m^2^                  31.4 kg/m^2^                  4.12 -- 3.47     0.05
  BMI, 18 Months                 25.0 kg/m^2^                  30.6 kg/m^2^                  5.94 -- 5.24     0.05
  HBA1C, 6 Months                7.26%                         7.23%                         0.13 -- 0.18     0.72
  HBA1C, 12 Months               6.45%                         6.92%                         0.61 -- 0.33     0.05
  HBA1C, 18 Months               5.68%                         6.57%                         1.04 -- 0.73     0.05
  Systolic BP, 6 Months          161.4 mmHg                    161.1 mmHg                    2.08 -- 2.58     0.83
  Systolic BP, 12 Months         145.7 mmHg                    154.1 mmHg                    10.30 -- 6.44    0.05
  Systolic BP, 18 Months         134.2 mmHg                    145.6 mmHg                    13.2 -- 9.6      0.05
  Self-Esteem Score, Day 0       14.9                          14.7                          0.69 -- 0.99     0.73
  Self-Esteem Score, 18 Months   33.0                          22.7                          9.56 -- 11.00    0.05
  Patient Satisfaction Score     8.26                          6.44                          1.57 -- 2.05     0.05
  ------------------------------ ----------------------------- ----------------------------- ---------------- ---------

Discussion
==========

The Pakistani population has witnessed an increase in the number of individuals suffering from obesity over time \[[@REF6]\]. There has also been a rising trend in the use of bariatric surgery as a treatment modality for obesity in developing Asian countries since obesity has become a public health concern. The literature shows that the loss of excess weight has proven benefits in terms of the metabolic profile of patients suffering from obesity. Batsis et al. reported a significant reduction in the number of individuals with metabolic syndrome after bariatric surgery (from 87% down to 29%) \[[@REF7]\]. There have also been studies proving the beneficial effects of weight loss for diabetes control. In our study population, the LSG group mean HBA1c level was reduced to a non-diabetic level after bariatric surgery. However, the mean HBA1c level in the WCP group was still in the diabetic range. In a meta-analysis of 357 patients, a significant decrease in HBA1c levels (2.59%) was noted among patients with Class I obesity who underwent bariatric surgery \[[@REF8]\]. Another systematic review cited a linear relationship between the reduction of HBA1c levels and various weight loss methods, with an overall reduction of 0.1%/kg \[[@REF9]\]. The results of these studies show an eminent superiority of bariatric surgery over WCPs with respect to glycemic control. Weight loss has also been reported to act on several neurohormonal mechanisms to control hypertension through, for instance, decreased oxidative stress, decreased insulin resistance, and decreased aldosterone release \[[@REF10]\]. With regard to the comparison of hypertension as part of the metabolic profile, in our study, the majority of patients in the LSG group became normotensive by the 18-month follow-up (LSG 134.2 ± 7.16 mmHg), while in the WCP group (145.63 ± 5.94 mmHg), the majority still needed medication to control blood pressure. This is in agreement with a meta-analysis that included 14 studies (3,550 subjects) showing a resolution of hypertension in 62.17% and improvement in 35.70% of participants at the 5-year follow-up after sleeve gastrectomy \[[@REF11]\]. Similarly, another meta-analysis of 25 studies found a direct link between weight loss and reduction of hypertension. Further, a decrease of 1 kg of weight has been associated with an approximate 1 mmHg decline in systolic blood pressure \[[@REF12]\]. In the Asian population, individuals with Class I obesity who have undergone LSG have shown a greater %EBMIL than other treatment modalities \[[@REF13]\]. In our study, the LSG group had a more rapid change in %EBMIL at 6,12, and 18 months and reached nearly 100%, in comparison to the WCP group, where the trend of %EBMIL was very gradual and only reached 25% by the end of 18 months. According to a meta-analysis of randomized controlled trials and cohort studies conducted in 2018, there was no high-quality evidence for treating obesity with WCPs because the level of benefits using such methods was minimal when contrasted with the weight loss that was needed \[[@REF14]\]. However, one study noted that individuals using lifestyle modification to achieve weight loss surprisingly maintained 10% of excess weight loss throughout the duration of the study period \[[@REF15]\]. This result did not relate to the main objective, but it shows that WCPs could help patients in controlling the disease. However, it must be taken into consideration that subjects treated with WCPs still have a BMI of 30 kg/m2 or more. A similar study comparing lifestyle intervention with bariatric surgery in Class I obesity patients showed similar results, with a %EBMIL of 16.20% and 17.90% at 1 and 3 years, respectively, in the lifestyle intervention group \[[@REF15]\], which compares with a %EBMIL of 14.53% and 25.70% at 12 and 18 months, respectively, in our WCP group. Additionally, %EBMIL of 67.90% and 76.90% at 1 and 3 years, respectively, in their bariatric surgery group is comparable to our study's %EBMIL of 68.19% and 99.60% at 12 and 18 months, respectively, in the LSG group. Obesity has a tremendous social and psychological impact as well. The Rosenberg SES scores were initially 15.53 ± 3.39 in our LSG group and 14.77 ± 2.64 in our WCP group. At the third follow-up (18 months), there had been a significant rise in self-esteem scores in the LSG group to 33.04 ± 3.44. Similarly, a prospective cohort study involving 32 individuals undergoing sleeve gastrectomy reported a significant rise in self-esteem scores (P value = 0.003) after 1 year \[[@REF16]\]. A study of obese women by Dennis et al. also reported improved self-esteem and mood after a structured WCP, in agreement with our study \[[@REF17]\]. Furthermore, the overall patient satisfaction in our LSG group was comparable to a large cohort study of 110 sleeve gastrectomy patients (8.2/10 vs. 8/10, respectively) \[[@REF18]\].

The limitations of our study include smaller sample size and a short follow-up duration. However, because this is the first study from Pakistan on this topic, our results make a vital contribution to the literature. Additionally, we plan to do an extended follow-up study with a larger cohort of patients.

Conclusions
===========

Our study elucidates a clear superiority of LSG over a structured WCP with regard to weight reduction, improvement in glycemic control, and reduction in blood pressure among Class I obesity patients. Additionally, this study showed that patients reported markedly improved self-esteem and satisfaction after bariatric surgery as compared to lower levels of improvement with a WCP, pointing to bariatric surgery as a preferred mode of treatment for Class I obesity.
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